The growth of Vibrio parahaemolyticus (V. parahaemolyticus) in oysters during postharvest storage increases the possibility of its infection in humans. In this work, to investigate the growth or survival profiles in different media, pathogenic V. parahaemolyticus in APW, Jinjiang oyster (JO, Crassostrea rivularis) slurry, and live JO were studied under different temperatures. All the strain populations were counted through our double-layer agar plate (DLAP) method. In APW, the pathogenic V. parahaemolyticus showed continuous growth under 15, 25, and 35 ∘ C, while a decline in behavior was displayed under 5 ∘ C. The similar survival trend of pathogenic V. parahaemolyticus in JO slurry and live JO was observed under 5, 25, and 35 ∘ C, except the delayed growth or decline profile compared to APW. Under 15 ∘ C, they displayed decline and growth profile in JO slurry and live JO, respectively. These results indicate the different sensitivity of pathogenic V. parahaemolyticus in these matrices to temperature variation. Furthermore, nonpathogenic V. parahaemolyticus displayed little difference in survival profiles when inoculated in live JO under corresponding temperatures. The results indicate that inhibition or promotion effect could be regulated under different storage temperature for both pathogenic and nonpathogenic strains. Besides, the DLAP method showed the obvious quickness and efficiency during the bacteria count.
Introduction
Vibrio parahaemolyticus (V. parahaemolyticus) is one of the leading causes of acute gastroenteritis associated with exposure of raw or undercooked seafood in the diet. V. parahaemolyticus exists in a variety of seafood including raw, frozen, and even cooked products through posthandling contamination [1] . This human pathogen is usually a great concern in Asian countries, such as China, Vietnam, and Japan [2, 3] . V. parahaemolyticus could have a rapid generation times from 12 to 18 min in seafood [4] . Its populations in oysters could increase 10-to 100-fold in 10 h when left at ambient temperatures [5] . V. parahaemolyticus can grow at temperature of 8 ∘ C, which is within the range of household and retail refrigeration [6] .
To reduce the risk of V. parahaemolyticus infection in raw or undercooked oysters, several procedures such as chilling [7] , freezing [8] , depuration [9] , high hydrostatic pressure processing [10] [11] [12] , and irradiation [13] have been conducted. However, these processes require either a significant amount of initial investment or operation costs, and oysters are often killed during processing. A cost-effective storage process 2 Journal of Food Quality to limit the population of V. parahaemolyticus in seafood without significant adverse effects remains to be investigated. The regulation of temperature after postharvest process is a preferred strategy in terms of the easy operation and low cost.
Jinjiang oyster (JO, Crassostrea rivularis), commonly cultivated in the intertidal zones in south China, has been traditionally harvested and cooked as a food source for hundred years [14] . Following the introduction of western eating habits, Chinese diet contains increasing proportion of raw or undercooked JO. Although these eating ways are much more delicious and nutritious, there is a high risk of infections for individuals due to the possible existence of pathogenic V. parahaemolyticus. Surveys on some coastal cities in China have shown over 50% presence of V. parahaemolyticus in raw JO, regardless of their pathogenicity.
Although effects of temperatures on V. parahaemolyticus in oysters have been studied extensively, most of the studies so far have focused on Pacific oysters (Crassostrea gigas) [15] , the Eastern oysters (Crassostrea virginica) [16] , and Zhe oysters (Crassostrea plicatula) [5] . Little is known about the growth of pathogenic V. parahaemolyticus in JO during different storage temperatures. The pathogenic V. parahaemolyticus typically carry the thermostable directed hemolysin (tdh) gene or tdhrelated hemolysin(trh) gene or both genes simultaneously [17, 18] . For the safety consumption, it makes sense to investigate whether there is some difference between the growth profile of pathogenic and nonpathogenic V. parahaemolyticus in oysters, so as to intentionally inhibit their growth with minimum control. Thus, studies on pathogenic V. parahaemolyticus in Alkaline Peptone Water (APW), JO slurry, and live JO were carried out under different temperature. Furthermore, survival of nonpathogenic V. parahaemolyticus in live JO was compared with pathogenic V. parahaemolyticus under different temperatures. In our previous study, double-layer agar plate (DLAP) was developed and verified in the 1-step procedure screening and counting of nonpathogenic/pathogenic V. parahaemolyticus in culture broth and different seafood samples [19] . The entire counting process was carried out through our DLAP method to demonstrate its efficacy and quickness in various V. parahaemolyticus count related study.
Materials and Methods

Bacteria Strains.
Five local V. parahaemolyticus strains (two tdh+/trh+ strains: one was from clam and the other one was from oyster; three tdh−/trh+ strains: two were from razor fish, and one was from scallop) and three local strains without these virulence genes were isolated from commercial shellfish (all from oysters) in our laboratory. Two standard pathogenic V. parahaemolyticus strains (ATCC33847 tdh+/trh−, ATCC17802 tdh−/trh+) were kindly provided by Yong Zhao, Department of Microbiology, Faculty of Food Science and Technology, Shanghai Ocean University, Shanghai, China. The virulence genes tdh and trh in these strains were confirmed by PCR and could appropriately be utilized to produce the models. Cultures with these confirmed nonpathogenic or pathogenic strains were stored at −80 ∘ C in modified tryptone soy broth (mTSB) (Land Bridge Technology Co., Ltd., Beijing, China) supplemented with 3% NaCl and adjusted to pH 8.0 ± 0.2) with addition of 25% (v/v) glycerol (National Pharmaceutical Group Corporation, Shanghai, China). Frozen strains were reactivated in TSB with 1% yeast extract (Oxoid, LP0021, Nobleryder Co., Ltd., Beijing, China) and transferred to tryptone soy agar (TSA) (Land Bridge Technology Co., Ltd., Beijing, China) with overnight incubation. The multiple pathogenic or nonpathogenic strains of V. parahaemolyticus were obtained through the equal volume mixture of these strains, which were ready to use for inoculation.
Sample Preparation for Storage of V. parahaemolyticus Contaminated
Cultures. For the cultures tested, 3.6 mL of sterile Alkaline Peptone Water (APW, Land Bridge Technology Co., Ltd., Beijing, China) with 3% NaCl was prepared in 5 mL Eppendorf tube. Each tube was then aseptically inoculated with 0.4 ml of diluted cultures of pathogenic or nonpathogenic V. parahaemolyticus to reach an initial population of ca. 10 3 cfu/mL and ca. 10 5 cfu/mL. The tubes were then immediately incubated at 5 ∘ C (10 5 cfu/mL) and 15, 25, and 35 ∘ C (10 3 cfu/mL) without agitation. JO samples were purchased from the local fisheries wholesale market, Shanghai, China, between August and October 2014. Following the acquisition, the oysters were placed in cool box with gel packs and transported within 2 hours to our laboratory. For the tested oyster slurry, live oysters were immediately made into a slurry in a blender (Hanuo, JJ-2, Shanghai, China) after being transported to the laboratory. Then the slurry was sterilized at 450 KMPa, 20 ∘ C, by ultrahigh pressure sterilizer (Huatai Senmiao Co., Ltd., Tianjin, China) for 25 min. The inoculation method for JO slurry is carried out in the same way as described in APW method. For the live JO test, oysters were washed with tap water to remove excess mud on the shells and placed in artificial seawater (ASW; salinity: 20‰) at room temperature (approximately 20 ∘ C) for 6 hours to allow the oysters to regain viability before being inoculated with nonpathogenic or pathogenic V. parahaemolyticus. The oysters were exposed in ASW containing pathogenic or nonpathogenic V. parahaemolyticus (ca. 10 6 cfu/mL and ca. 10 7 cfu/mL, resp.) to be inoculated at 20 ∘ C for 10 hours to produce a contamination level of ca. 10 3 and ca. 10 5 cfu/g. Inoculated oysters were packed in sterile mesh bags and stored at various temperatures (the group of 10 3 cfu/g was stored at 15, 25, and 35 ∘ C; the group of 10 5 cfu/g was stored at 5 ∘ C). DLAP method was used to detect any nonpathogenic/pathogenic V. parahaemolyticus present in the oyster's samples before the contamination of V. parahaemolyticus, and none of them was found positive. A total of 300 oysters were used in these experiments.
It should be noted that the uninoculated samples for APW and JO slurry which were sterilized and live JO, which were confirmed to be nonpathogenic and pathogenic V. parahaemolyticus negative before inoculation, were run alongside the above samples to avoid the unexpected pollution from the environment. Negative results were obtained for all these samples.
Bacteriological Analysis in Different
Cultures. Populations of Pathogenic or nonpathogenic V. parahaemolyticus in various cultures were analyzed through our previously developed double-layer agar plate (DLAP) method [19] . DLAP was prepared by pouring ten mL of sterile BioChrome Vibrio medium (BCVM, Chromogenic medium for V. parahaemolyticus) into a sterile Petri dish (90 × 15 mm) and left to cool down and solidify at room temperature in a biological safety cabinet (MSC-Advantage, Thermo, Germany). After being autoclaved and tempered to about 50 ∘ C, an equal volume of TSA containing 3% NaCl was then covered on the BCVM layer and allowed to solidify again. All DLAPs were prepared on test days and used within two hours after preparation.
The APW cultures were decimally diluted in sterile 3% NaCl solution to appropriate dilution gradient and spread onto a DLAP. For the analysis of nonpathogenic/pathogenic V. parahaemolyticus in the slurries and live oyster, slurries, meat, or liquor of shucked oysters was placed in a sterile filter stomacher bag (Hanuo, Shanghai, China) with tenfold APW (3% NaCl, pH 8.5 ± 0.2). And then the sample was stomached (Colworth Stomacher 400; A. J. Seward, London, United Kingdom) for 2 min. Then 100 mL of crude filtrate was prepared into appropriate dilution gradient and spread onto DLAP and incubated at 37 ∘ C for 20 hours. Colony forming units (cfu) were counted manually to calculate the density of viable cells in the samples (cfu/g). All the analysis results were obtained through the average of three replicates.
Results and Discussion
In our studies, the DLAP method was applied for detecting nonpathogenic/pathogenic V. parahaemolyticus in APW, JO slurry, and JO samples. The selective and differential characteristic of this method has been tested in our previous report [19] . Compared with the commonly used MPN method, our DLAP method does not need enrichment of nonpathogenic/pathogenic V. parahaemolyticus and subsequent biochemical tests for confirmation as required by MPN method. Therefore, the test cycle of DLAP method was quite shorter than that of MPN by about 24 hours. Furthermore, DLAP method has been demonstrated to be as sensitive and precise as the MPN method in previous studies. As a result, DLAP has been successfully applied in detecting nonpathogenic/pathogenic V. parahaemolyticus in different samples, which indicate the feasibility in various V. parahaemolyticus count related studies with this straightforward and fast procedure.
Profile of the population development is shown in Figure 1 . For pathogenic V. parahaemolyticus in APW, the inoculated pathogenic V. parahaemolyticus could grow at 15, 25, and 35 ∘ C and slowly decline at 5 ∘ C. For the live JO test, the analysis was continued until oyster shells visibly gaped. Pathogenic V. parahaemolyticus were artificially accumulated in live JO, with the contamination rise to 7.51, 7.90, and 5.11 log cfu/g in population, after 60 and 100 hours when stored at 35 ∘ C, 25 ∘ C, and 15 ∘ C. Strains multiplication was apparently slower than that in APW, respectively. For pathogenic strains inoculated in JO slurry, their population growed similarly to strains from a live JO at 35 ∘ C, and even slowed growth at 25 ∘ C. However, when kept in 15 ∘ C, the strains almost remained stable at 3.13 log cfu/g with a tiny reduction in population over 140 hours.
In other related studies, the Pacific oysters (Crassostrea gigas) were collected seasonally from regions historically associated with V. parahaemolyticus infections and stored over a range of temperatures used in industry and consumer practices [15] . V. parahaemolyticus is more likely to be present in market oysters rather than harvested oysters [20, 21] . What we built is a simulation for the pathogenic V. parahaemolyticus in market JO. In addition, the previous report showed that V. parahaemolyticus multiplied rapidly in live JO held at 26 ∘ C after harvest, while decreased during refrigeration storage at 3 ∘ C [22] . As temperature abuse during postharvest handling and storage may increase the risk of infection due to the consumption of raw or undercooked oysters, so we inoculated pathogenic V. parahaemolyticus strains into APW, JO slurry and live JO, and as well as nonpathogenic V. parahaemolyticus in live JO, to compare their growth profile.
The fast growth of pathogenic V. parahaemolyticus in APW, JO slurry, and live JO at 35 and 25
∘ C indicate the active state of strains, implying the high risk of infection and easy spoilage in very short time. Less growth rate of the strains in JO slurry and live JO than in APW may be ascribed to some inhibitor agents present in JO strains and live JO or to that APW provide more appropriate nutrition than the food media. In general, the different sensitivity of pathogenic V. parahaemolyticus to temperature variation is caused by the different conditions of nutrition in these media. The fact that pathogenic V. parahaemolyticus slowly grew at 15 ∘ C in live JO but was inactivated in JO slurry demonstrates that the live JO is easier to be contaminated than JO slurry. The live JO may provide continuous active factors that stopped when ground into slurry and the homogenization process released inhibitory compounds or degradative enzymes to the matrix, which could account for the different growth profile between the two media. The different maximum population density of inoculated strains is also caused by the equilibrium of growth and death with varying temperature.
To investigate whether there are differences between the growth of pathogenic and nonpathogenic strains of V. parahaemolyticus. The inoculation of both pathogenic and nonpathogenic strains was conducted in live JO, respectively, at different temperatures. Figure 2 displays the growth development of these inoculated strains. It is noticed that the nonpathogenic V. parahaemolyticus shows similar growth or survival behavior to the pathogenic ones, when they were kept at the same temperatures, respectively. They could reach roughly the equal population when staying at stationary phase and follow the consistent growth rate during the exponential phase at 35, 25, and 15 ∘ C. Furthermore, they decline to similar amount after storage at 5 ∘ C with almost identical drop behavior, from the same initial inoculation amount, which demonstrates that their growth is not affected by toxin related genes at the temperature. From the population development of nonpathogenic/pathogenic V. parahaemolyticus in different media at 5 ∘ C, it can be deduced that fewer strains may survive over around 200 hours' storage. However, even the low-temperature inhibition effect on the growth and survival of pathogenic and nonpathogenic V. parahaemolyticus was observed and confirmed by experiment; it does not mean the safe consumption of JO could be guaranteed, as there may be other microorganisms' contamination. Furthermore, even the initial high contamination can decline into much less population, toxic proteins in the live or dead residues in the food are likely to be the potential risk factor, which is recommended to be denatured and inactivated with a thermal process. Anyway, it could be deduced from the study that less risk of V. parahaemolyticus could be realized when JO samples are verified to be noncontaminated by these strains and stored at lower temperature continuously.
Conclusions
In conclusion, the DLAP method was demonstrated to be successfully applied in detecting nonpathogenic/pathogenic V. parahaemolyticus in different samples. The results of growth and survival trends in APW, JO slurry, and live JO indicate the different sensitivity of pathogenic V. parahaemolyticus in these matrices to temperature variation. Furthermore, nonpathogenic V. parahaemolyticus displayed little difference in growth and survival profiles when inoculated in live JO oysters at corresponding temperatures. Results indicate that inhibition or promotion effect could be regulated under different storage temperature for both pathogenic and nonpathogenic strains. However, results do not mean that the safe consumption of JO could be guaranteed, as there may be other microorganisms contamination or some toxic proteins are in the live or dead residues in the food, which are likely to be the potential risk factor. The least risk of pathogenic V. parahaemolyticus could be maintained when JO samples were verified to be noncontaminated by these strains and continuously stored at lower temperature. Our successful practice in the application of DLAP method indicates its feasibility in various nonpathogenic/pathogenic V. parahaemolyticus count related studies with this simple and fast procedure.
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